to the west of the optical system (primarily, it is now apparent from our new data, as a consequence of the source geometry).
In their paper, L79 drew attention to the luminosities and sizes of the brighter H II objects in the complex and particularly pointed out that they appeared to have all the properties of dwarf irregular galaxies, and that if these are bound entities, they are eventually likely to be lost from the parent galaxy and will assume an independent existence as young dwarf systems. array data, and 0.56 for the combined array data (Table  2) . were created by this process.
After

RESULTS
H t Spatial Distribution
Moment maps from the high sensitivity DnC array data, the high resolution CnB array data, and the combined C+D data were produced using the method described above. Fig. 4 . The HI is highly structured on scales at least down to the CnB beam size and many of the concen4Obtained using Skyview: see acknowledgments. • Optical and H i knots are indicated '+ith labeled crosses.
toned) structure (even on the UV image of L79) and also its moderately red colors (Daly et al. 1987) . If any H_ it may initially have possessed was located in the outskirts of the system it would probably have been lost in the encounter with NGC 5291, but the apparent absence, anywhere in this system, of detectable HI at the velocity of the Seashell strongly suggests that this was not the case. Using the cooled grating spectrometer CGS4 on the 3.8 m UK Infrared Telescope IUKIRT), we have secured a K-band spectrum covering the first overtone (h=2.3 p+m) bandhead of CO in stellar atmospheres.
This spectral feature is unusually weak in the Seashell, which implies that it cannot recently have housed a nuclear starburst since strong nuclear CO absorption in the atmospheres of red supergiants is to be expected in the aftermath of such an event. Together with its weak optical emission lines, this further argues against there having been a significant amount of H I in the central parts of the Seashell.
The galaxy located in the southwest part of the overall H 1 complex is number 435 in Richter's (1984) list of galaxies in the cluster and surrounding area. He classifies it So: from (5); includes a factor of 5 for a dark halo. The H I masses of the other knots range from 7 x 107Me) to 9x 10SM_ (Table  3 ). The cumulative velocity field of the gas can be determined by calculating the intensity-weighted mean velocity of the gas at each position (a, _). This is accomplished by taking the first moment of the column density relationship [Eq.
(1)] with respect to velocity as follows: The spatial distribution of the velocity dispersion of the HI is shown in Fig. 9 . The velocity dispersions are calculated for each position by taking the second moment of Eq.
(1) with respect to velocity: n0 ;e 0 .
• _°I"^t It can be seen in Fig. 9 that there are two regions of very high dispersion, on the order of 100 km s i. These regions, one encompassing both NGC 5291 and the HI Concentration, and one associated with Knot D, imply the presence in the line of sight of bodies of gas with widely ranging velocities (see Fig. 11 ). These are further discussed below.
DISCUSSION
Physical Nature of the System
The obvious, strong, distortion of the Seashell, presumably by interaction with NGC 5291, immediately suggests that the far-flung outlying structures in the system were caused by tidal effects from this interaction. However, the large velocity difference between the two galaxies measured by L79 (640 km s-_), and its apparently retrograde sense, made the great amplitude of the resulting disruption difficult to understand in terms of tidal effects. This led them to seek alternative hypotheses for the origin of the outlying features.
Since the major problem with the tidal disruption scenario was the difficulty of moving so large a mass of material to such large radii, they hypothesized instead a pre-existing, very extensive, and presumably primordial H I disk. This was a logical extrapolation of the properties of several other H l-rich early-type systems listed by L79, and analogous to the then-undiscovered Malin 1 (Bothun et al. 1987 ; see also The gradient in the H 1 distribution is indeed higher on the eastward edge of the east side of the ring-arc (Fig. 4) Fig. 4 , the gas appears to extend farther to the west of the optical emission than to the east, which is expected if the H I is being swept to the west. (Fig. 4 of Hibbard et al. 1994) . In an interaction, orbital decay occurs as energy is transferred from the galaxies to their par-ticles. The particles receive energy and angular momentum from the relative motion of the passage, which produces the tail-like structures and orbital decay. The tails produced by these encounters move radially away and fan outwards from the parent systems and the velocity increases along the tail.
At the base, the tail particles are more tightly bound, turn quickly in their orbits and fall back towards the remnants.
The more distant matter is less tightly bound and falls back more slowly, if at all. This monotonic increase in velocity along the tail is a prominent feature of the H ! structure in the NGC 5291 system. The relative velocity reaches a maximum, and then as the feature arcs to the NW and SW, the line-of-sight velocity component decreases as the tangential motions become more important. The velocity map (Fig. 8), for example, quite closely resembles that of the merger NGC 4676 in Fig. 13 of Hibbard & van Gorkom (1996) . In NGC 5291 the reducing velocity differences of the material in the western arc could also perhaps be ascribed to the slowing of bound material as in NGC 7252, although it is also consistent with the velocity contours which might be expected if the western arc were an H I feature delineating the edge of a distorted disk.
We can draw some additional conclusions about the issues to be considered if the interaction scenario is to be verified. As noted, from the optical image the most obvious candidate for the partner in this destructive minuet, owing to its contorted shape, is the Seashell. However, as first noted by L79, it is difficult to support this model if the passage is retrograde. The construction of tidal tails is most pronounced if the victims rotate in the same direction as the passage, and is further enhanced if the latter is roughly coplanar with the disk of the victim (i.e., the closer the alignment of the samesign angular momentum vectors of the participants, the greater their disruption of one another). Such a prograde (but not necessarily coplanar) passage is needed to produce the morphology we observe in the NGC 5291 system. However, the Seashell appears to be approaching the observer in the region for which the H l in the system is receding. Therefore, a prograde orbit requires a special orientation for the NGC 5291-Seashell interaction, and one with a high velocity passage. It is clear that careful modeling (along the lines of that discussed by Barnes 1994 and Mihos 1995) will be required to clarify the possibility of constructing a successful scenario.
Alternatively, the Seashell may not be the culprit here. In addition to the orthogonal interaction/ring-galaxy hypothesis put forth by L79, M. Balcells (1996, personal communication) has suggested that Knot B is an irregular that has entered the system at almost the escape velocity and is now spiraling into the center of NGC 5291; perhaps it was a satellite to the Seashell. Such a model has many resemblances to the relation between M31, the Milky Way, and the LMC (Lynden-Bell 1994). The dense HI distribution shown in 3.2, below), which is a factor of 3 less than this binding mass. However, there are the usual uncertainties associated with the unknown orbital phase terms and inclinations to the line of sight which easily bracket this figure. Furthermore, Barnes (1994) shows that the overall dynamics of encounters are largely controlled by the extended dark halos of the systems. As part of the interaction, dark halos transfer angular momentum and energy, imparting spin and raising broad tidal features. It is this halo interaction that brings about the merger and extracts luminous tails from galactic disks. In the models considered by Barnes, the ratio of halo to disk masses is 5:1, which is within the range of corrections to visible masses found by van Moorsel (1987) in a study of binary galaxies. Given all the uncertainties, we believe that it is entirely possible that the Seashell and NGC 5291 are bound and merging.
While somewhat suggestive of the debris fields produced in some galaxy encounters, the optical image ( Fig. 1) alerts us to the unusual nature of this system. Although appearance is dependent on both geometry and viewing angle, the complex shoals of objects (known to be H I1 regions) to the north and south of the main body in Fig. 1 do not closely resemble the tails and countertails seen in canonical interacting or merging galaxies such as the "Antennae" NGC 4038/9 and the "Atoms for Peace" galaxy NGC 7252 (e.g., Hibbard & van Gorkom 1996) . Nor, indeed, does this system closely resemble any of the systems in the atlases of Arp (1966) or Arp & Madore (1987) .
The classical interactors produce tails and countertails which are relatively narrow and quite smooth, sometimes studded along their lengths "string-of-pearls" fashion with a number of condensations, often H II regions, which generally number a dozen or less and are quite inconspicuous compared to the continuous structure. In the NGC 5291 complex, in contrast, there is little continuous structure discernable beyond the visible galaxy. There are perhaps two faint features extending -175 to the SSE and, reinforced by an inner dust lane to resemble a weak spiral arm, slightly west of north ( Fig. 1 ), but these do not underlie the main swarms of H Il knots. It may also be noted that the H II knots in NGC 5291 are mostly not arranged in a line (except, perhaps, to the south between D and G), but appear to be spread out laterally (i.e., knots H through M: the western arc) much more than is usual in the long filamentary arms and tails in the classical interactors. A final discrepancy is evident in the unusually large number of the H It knots.
The energetics of the gas in the NGC 5291 system imply that a significant fraction of the gas is unbound (at 20 kpc (72")) unless the galaxy contains a massive halo. The escape velocity is about 255 km s-l, well below the maximum velocities observed). However, large velocities and energetics are apparently not rare in the early phases of galaxy mergers. Similar situations exist for NGC 4676 and especially for Arp 295 (Hibbard & van Gorkom 1996) . For these three systems (NGC 5291, NGC 4676, and Arp 295) a mass of order 1012Mo is required to bind the H t. Thus, either substantial amounts of gas escape from the systems or they possess dark matter. We presume both to be true. Certainly Hibbard & van Gorkom (1996) note the role of escaping gas in the scenario they describe for galaxy mergers. 
.2).
The formation and evolution of dwarf irregular galaxies from tidally removed material in interacting systems has been postulated by Zwicky (1956) and Schweizer (1978) .
Much attention has recently been devoted to clumps in tidal tails, as prominent Ha, H I and stellar enhancements have been shown to exist in these regions (e.g., Mirabel et al. 1991; Mirabel et al. 1992; Hibbard et al. 1994 : Hibbard & van Gorkom 1996 . This discovery of regions of star formation associated with the tidal tails of interacting galaxies is evidence that gravitational condensation is possible in tidally removed material. Previous high spatial resolution observations of the H I in tidal tails have shown that the distribution of gas in these regions is often clumped into organized regions of high density with masses on the order of 109Mo (Hibbard et al. 1994) . These concentrations are very similar to dwarf irregular galaxies in terms of their sizes, masses, colors, and stellar and gas distributions. The observed star formation rates are also very similar to those Ibund in actively star-forming dwarf irregular galaxies.
Numerical modeling simulations have also been performed to test the possibility that material ejected during a tidal encounter will remain bound, or develop into sub-units on the scale of dwarf-and even full-sized irregular galaxies (e.g., Barnes & Hernquist 1992; Elmegreen et al. 1993) . The models by Barnes & Hernquist (1992) produced strings of bound subsystems along the unbound tidal tails of two model spirals passing each other in a prograde, direct, initially parabolic encounter prior to merging. They find in their simulations that distinct clumps form in tidal tails, and that these objects are gravitationally bound and stable against tidal stripping. These clumps form from the stellar component; the most massive of these clumps are able to capture significant amounts of gas.
Rather similar results were obtained by Elmegreen et al. (1993) . They claim that the interaction will increase the energy of the interstellar medium (ISM) and thereby raise the Jeans mass. This process erases fluctuations smaller than 10SMG. They show that the formation of these objects at the ends of tidal tails is a natural consequence of the model, and that they will continue to exist as distinct objects long after the tails have faded. Hibbard et al. (1994) , amongst others, suggest that the giant H II regions seen near the ends of the tidal tails in NGC 7252 are examples of such objects; other candidates are discussed by Mirabel and collaborators (Mirabel et al. 1991; Mirabel et al. 1992; Mirabel et al. 1994) . Indeed, Hibbard & Mihos (1995) etal. [1991, 1992) , have gas masses that are an order of magnitude greater than the total masses of the clumps that appear in models.
Since ram-sweeping is the most obvious explanation for the asymmetry of the atomic gas and the large x-ray halo and tail, it is possible that we are seeing an interacting system that is subsequently being ram-swept as it passes through an intracluster medium. However, neither the ram-swept large disk nor the ram-swept interaction hypothesis alone can easily explain all of the observed characteristics of this unusual system. Detailed dynamical modeling is essential if more certain diagnoses are to be obtained.
Anah,sis of Dwarf Galaxy Candidates in the NGC 5291 System
Regardless of the formation mechanism, it is clear that there are large star-forming regions associated with the NGC 5291 system. As pointed out by L79, the optical knots in the NGC 5291 complex resemble dwarf galaxies in size and content. Two conditions must be met for a concentration of material to remain bound in the outer regions of such a complex field. These conditions require that the object (I) remains bound against its own internal kinetic energy (is selfgravitating), and (2) remains bound against the tidal force of the parent galaxy. We here examine whether the knots observed in the NGC 5291 complex can remain bound against these two disruptive influences, as then the likelihood of their eventual detachment from NGC 5291 to become independent systems is quite high (see L79). We note that the following arguments are independent of the process which has given rise to the overall structure of the complex. (Ramsweeping in fact causes compression, providing extra containment and facilitating the production of a bound subsystem; if this is the initiating process our estimates, below, will be even more conservative.) sary to develop an estimate of the total mass present. This may be done in a number of ways, making different assumptions and therefore arriving at substantially different results. 
MK=--G--
and estimating the orbital velocity as the full width at 20% peak intensity of the velocity profile of the H I in the central optical image, corrected for inclination:
From Table 3 we have Av20 = 464 km s -1 For the extent of the gas we adopt the optical major axis extent, l:l (NED) 6 and a distance of 58 Mpc, resulting in a linear diameter of 18.2 kpc. For an inclination of 60°(L79) the total mass becomes 1.5× 10JlMG. Allowing for a dark halo, we increase this value by a factor of 5, as in the models by Barnes (1994) . For an object to maintain gravitational stability, its gravitational potential energy must equal or exceed its internal kinetic energy. To estimate the binding mass, M b , necessary for an object to meet condition (1), we start with the wellknown energy equation for two gravitating point masses:
where a is the semi-major axis of the orbit, and rn is the mass of a "'test particle" at a distance r. Setting a equal to infinity for a parabolic orbit and assuming M.>m, we end up with the classic escape velocity equation. Rearranging, we find an expression for the minimum mass required to bind the system:
¢q_e NASA/IPAC Extragalactic Database.
We approximate the internal kinetic energy by means of the half-width of the H 1 velocity profile at the 20 level (½ Av2o).
Assuming an isotropic velocity dispersion:
The velocity profiles for NGC 5291 and the individual knots are shown in Fig. 1 I. Alternatively, if the H I is in an inclined plane, the _ correction is equivalent to an inclination of 35°. Our final expression for the binding mass now becomes
As long as the knots are essentially spherical, and we are only considering the dense H I cores, this is not likely to be much in error.
We have evaluated the binding masses for the major knots in the NGC 5291 complex. To do this, we have estimated the radius of each object from the cores of the H I associated with each knot as delineated by the high resolution CnB array data. Knots D, J, and L have cores which are unresolved by the CnB array beam, while F-G is nearly so. We have therefore used the beamwidth as an upper limit to their diameters.
The velocity widths and HI masses have been determined from the spectra in Fig. 11 . These spectra were calculated by summing the flux in each channel of the more sensitive (but lower resolution) DnC array data cube, within the high density regions ("cores") as delineated by the high resolution CnB array data; the method makes the exact shapes of the spectra somewhat uncertain. The velocity widths were measured at 20% of the peak value to eliminate some of the uncertainty due to these fluctuations. Table 3 lists the velocity widths, radii, resultant binding masses, and H 1 masses for each object.
To determine whether the knots were self-gravitating, we have compared the measured H I mass for each knot (Table   3) to the binding mass. Values range from 0.82 for Knot B to 0.02 for Knot C. However, this is a conservative test, which assumes that there is no other contributor to the mass than the observed H I. In the case of knots B and F-G there are clearly two other components: the stars and the ionized component in the optically-visible SFR associated with the H l feature, and observed in the radio continuum. Allowing for these masses, Knot B is self-gravitating, as is region F-G.
Knots H, K and the HI Concentration may be marginally bound as well. The case for the stability of Knot B against its internal energy is clearly a very strong one. We would have to be underestimating the mass by more than a factor of 4 before the properties of Knot B are peculiar compared to a typical irregular galaxy.
Tidal condition
To evaluate the second condition, we calculated the tidal limit for each dwarf candidate. The tidal radius is the radius within which material in a knot must lie to remain bound against the tidal force between the object and the parent galaxy. An object whose actual radius is smaller than its tidal radius will be stable against tidal disruption. where r T is the tidal limit of a test particle orbit in the satellite galaxy, M is the mass of the parent galaxy, m is the mass of the satellite galaxy (both assumed to be point sources),
and R c is the projected separation between the two galaxies.
Determining the tidal limit requires that the total mass of NGC 5291, the candidate's separation from it, and the radius of each object be known. The effective tidal radius (rT) has been calculated for each knot using its measured separation distance from NGC 5291 (listed in Table 3 ) and the knot's HI mass. The total mass estimate used for NGC 5291 is 7x 1011MG, which includes the factor of 5 to allow for a dark hal().
This calculation provides a conservative tidal limit which is correct in detail for a point source potential, and quite reasonable for this system. Furthermore, the mass of an isothermal, spherical halo increases directly as R(;. Thus rj. is proportional to (R_) 2:3. As our value for M cannot be reduced and RG is underestimated owing to projection effects, our assumed values for Rcj and M should lead to a realistic lower limit to the tidal radius rr. We assume that the knots, as they are small, are essentially spherically symmetric and any model dependence on M propagates slowly at the onethird power. Therefore, we believe that the tidal radius can only be larger than indicated by Eq. (11). This tidal limit is compared to each object's radius as measured from the H 1 data to determine its tidal stability. As seen in Table 3 , most of the high-density cores of the objects meet this criterion. Knots C, M, and the H 1 Concentration do not, although for the H t Concentration, the H I radius (1.9 kpc) just barely exceeds the tidal limit (1.8 kpc). Candidate components that meet both the binding and tidal criteria are very possibly irregular galaxies in various stages of evolution. It may be argued that a subset of these objects become independent irregulars. An understanding of the likelihood of this process of galaxy formation will allow us to estimate its contribution to the overall dwarf population, especially in clusters where interactions and ramstripping are more likely to occur.
CONCLUSIONS AND SUMMARY
The high resolution HI observations presented and discussed above shed considerable light on the nature of the NGC 5291 system, but do not finally resolve the causes of its peculiarities.
Nevertheless we now have a much clearer picture of the basic parameters. NGC 5291 is being significantly perturbed by interaction, either with another galaxy, or with the intracluster medium of Abell 3574, or both. What remains unclear is the relative weight of these processes in arriving at the present condition of the system. However, we are at least in the position of being able to describe that condition in some detail. NGC 5291 is attended by veritable shoals of star-forming H n complexes, the brighter specimens of which are associated with concentrations of H I on our VLA images.
The H l observations establish clearly that a major speculation of L79 was in several elements correct: at least one (Knot B) and possibly several (H, K, and the H 1 Concentration) of the H I/H 11 features are bound against their own internal energies and stable against tidal disruption by the nearby galaxy. These objects are therefore prime candidates for young irregular galaxies produced from stripped galactic
material. An argument particularly may be made for Knot B, which possesses a large young stellar component (Duc 1995) in addition to its H ! mass and performance on the stability criteria. Knot B appears in every way to resemble an LMCsized (or larger) "dwarf" irregular galaxy and would certainly be categorized as such were it to be detached from its parent galaxy, as appears likely in the next gigayear or so: it is a true, young, galaxy.
We suggest that the other knots may be dwarf irregular galaxies in formative stages of evolution; Knot B representing the largest and perhaps most highly evolved of these
candidates. An important implication of this work is the verification that genuinely young galaxies may evolve from components of the debris fields of destructive interactions between parent systems and both their companions (via tidal effects) and their environments (via ram-sweeping).
Understanding of the processes involved in this formation, and hence, for example, the age of the new entity, requires solving the puzzle of the dominant process in the NGC 5291 system. We have attempted to set out the obvious evidence for the ram-sweeping of a large disk or (,f a tidally disrupted system, without selecting either. This _s because we consider it essential that careful modeling of the system and its processes on both these scenarios be undertaken, if a correct understanding is to be obtained. Such an understanding is in turn essential if the lessons to be learned from the availability of a young dwarf irregular galaxy are properly to be absorbed.
It has been suggested that half or more of the dwarf irregular galaxies in compact clusters have formed from gravitational encounters of the more massive galaxies in the cluster (Hunsberger etal. 1996) . The observations presented herein, along with a growing body of evidence presented by many other researchers, seriously weaken models of galactic ew)lution that attempt to explain the various types of galaxies seen in the universe as the result of different, independent processes. To date however, too few systems have been observed to determine if a new class of genuinely young galaxies is truly indicated, or if instead this formation process is rare in the universe. Further investigations are needed to establish the extent to which gravitational encounters are involved in the building of dwarf irregular galaxies. 
